On the h a rd e n in g of th e cuticle of insects In the preceding paper an account was given of the reactions involved in the hardening of the ootheca of Blatta orientalis. The ootheca is secreted by two glands, one of which secretes a protein, and the other an orthodihydroxyphenol. The phenol is oxidized to the corresponding quinone, which reacts with the basic groups of the protein in such a way as to introduce primary valence cross-linkages between the protein chains, and so very greatly to increase the stability of the protein. For this type of " tanned protein" the name sclerotin was proposed. In the course of the reaction the protein takes on a deep reddish brown colour, so th at the process affords a close parallel to the changes which take place during the hardening of the insect cuticle in general. I have therefore investigated the hardening of various types of insect cuticle with the object of seeing whether the same mechanism is involved.
Composition op the exo-and epicuticle

M. G. M. Pryor
The most recent data on the chemical composition of the various layers of the insect cuticle are those given by Wigglesworth (1933) , and sum marized by him in his text-book
The principle He agrees with Campbell (1929) th a t the epicuticle contains no chitin, and claims th a t it consists of a substance similar to the cutin of plants, for which he proposes the name " cuticulin" . He supposes th at the same sub stance impregnates the exocuticle of the hard parts, and th at it is respon sible for the characteristic amber colour of this layer.
Im portant conclusions as to the relationship of the amber coloured substance to the chitin of the exocuticle may be drawn from a study of the optical properties of the exocuticle. In a transverse section of the abdomen of a pupa of Philosamia cynthia (selected as a typical hard integument) the exocuticle is isotropic, although the endocuticle exhibits form birefringence. The isotropy of the exocuticle is not due to the absence of a suitable fine structure in the chitin, since in sections of material from which the amber coloured substance has been removed by boiling in caustic potash, the exo cuticle is as strongly birefringent as the endocuticle. The absence of birefringence must then be due to the fact th a t the intermicellar spaces of the chitin are completely filled by a material of refractive index about 1*54 or (see Schmidt 1934) .
The relations between the amber coloured substance and the chitin is thus seen to be very like th a t between the cellulose and the lignin in lignified plant tissue, as described by Freudenberg, Zocher and Durr (1929) . This comparison was first made by Schulze in 1922, and formed the basis of his theory of the chemical nature of the substances responsible for the hardening of the insect cuticle.
The " Inkrusten"
Wigglesworth does not produce any original hypothesis as to the nature of the substances responsible for the hardness of the cuticle. He remarks th a t they are removed by the same treatm ent as removes the melanin and cuticulin from the exocuticle, and for the rest he accepts the term " In krusten" coined by Schulze (1922) . He quotes Schulze and Kiihnelt as having produced some evidence of their being carbohydrates. The idea of the " Inkrusten" is mainly due to Kuhnelt (1929) . He regarded them as impregnating the chitin of the exocuticle as lignin impregnates cellulose in wood, and he suggested th at they might be in some form of loose chemical combination with the chitin. His evidence for the statement th at the " Inkrusten" are carbohydrates consists of two observations. The first is that small pieces of exocuticle when dissolved in concentrated hydrochloric acid " as far as possible without warming", will give a purple colour with an alcoholic solution of a-naphthol, thus showing the presence of furfurals. The second is th at pure chitin will dissolve in concentrated acids without the formation of dark " humin substances", whereas bits of exocuticle form an abundant dark precipitate. W ith regard to the first of these observations; chitin is very easily hydrolysed by strong acids, and the glycosamine so formed would give a positive reaction with a-naphthol. The second test might be given by almost any impurity in the chitin. Thus we see th at the chemical evidence in favour of Kiihnelt's hypothesis is very weak, and the term " Inkrusten" is perhaps better dropped alto gether.
The epicuticle. N ature of cuticulin
Although Kiihnelt (1928) claimed th at the epicuticle could be stained with sudan III, Wigglesworth states th at cuticulin is not stained by any fat stains. I have been unable to confirm K uhnelt's statement, but I find th at the epicuticle of larvae of Calliphora is stained very new fat stain black sudan B, introduced by Lison (1936) . This test is particularly strong in larvae of Calliphora, and is even given by sections cut in paraffin. It is also given, although less strongly, by the epicuticle in paraffin sections of the pupa of Philosamia ; but not in paraffin sections of Rhodnius prolixus, Ranatra linearis, or Locusta danica. In Locusta and Rhodnius the test is not positive even in sections cut with the freezing microtome, which suggests th at if there is lipid present it must be masked in some way. The colour given by the epicuticle of Calliphora is like th at given by the cuticle in paraffin sections of plant material, but is not quite so brilliant.
When the larval cuticle of Calliphora is converted into the puparium, there is a great increase in the amount of the amber coloured substance present, but the extent of the layer which stains with black sudan B remains the same. The amber coloured part of the cuticle of Philosamia, or of Rhodnius, does not stain. This suggests th at the amber coloured material in the exocuticle does not contain lipids, and th at the colour is not due to chromolipoids, since, according to Lison, chromolipoids do not cease to stain with fat stains even after they have reached a degree of polymeri zation such that they are completely insoluble in fat solvents. A careful repetition of the tests on which Wigglesworth based his theory of the composition of cuticulin confirmed these conclusions.
When exuviae of Rhodnius were gently heated on a slide in dilute nitric acid, there was some evolution of gas, and the amber coloured parts melted into a viscous yellow fluid. Underneath this fluid the epicuticle was still visible, with some of the bristles still intact. In places the yellow fluid ran off the epicuticular layer, which then remained as a perfectly trans parent membrane, with no apparent colour of its own. The same behaviour can be seen in frozen sections, in which the amber coloured part of the exocuticle melts and leaves a thin colourless strip of membrane, which is evidently the epicuticle. The behaviour in Schulze's medium is the same; the whole melts, leaving a transparent membrane, which on further heating melts into droplets, which stain with black Sudan B and sudan III. These drops are soluble in xylol if slightly warmed, but always leave a small residue. If the melting is stopped a t a stage at which the epicuticle is still intact, the whole membrane th a t is left will stain with black sudan B. The yellow drops which are obtained from the initial melting do not stain with fat stains. By cooling they can be obtained as solid lumps, which are stiff and brittle, and are not soluble in water, dilute acids, benzene, alcohol, or ether, but will dissolve in dilute alkalies to give a deep orange solution. If the exuviae, or frozen sections of the cuticle, are heated with Millon's reagent (prepared according to Bensley and Gersch 1933) the yellow sub stance first of all gives a strong positive reaction, gradually loses its colour as the heating is continued, and finally melts into a yellow mass similar to th a t obtained when dilute nitric acid alone is used.
These reactions, combined with the results of the staining experiments, show th a t the lipids of the cuticle are almost entirely confined to the epicuticle, even where the exocuticle is hard and yellow. From its reactions with Millon's reagent it appears th a t the amber coloured material contains aromatic groups.
To confirm the presence of aromatic compounds, the argentaffin test (Lison 1936) has been used. Tested by this method, all hard exocuticles give a strongly positive result. I have tested sections of puparia of Calliphora erythrocephala, pupae of Ephestia kuehniella, Aporia crataegi, and Pieris brassicae, and elytra of Tenebrio molitor and T. obscurus, and in all of them the test is positive. There can be no doubt th at the results are due to the presence of polyphenols and not to any other reducing agents, since Schmalfuss and Barthmeyer (1931) , after testing a great number of species belonging to different orders, found th at if the cuticle was ground up and extracted with hot water it was nearly always possible to demonstrate the On the cuticle of insects 397 presence of ortho-dihydroxyphenols by the ferric chloride reaction. This I have been able to confirm on all the species tested by the argentaffin test. The argentaffin test is also positive in the epicuticle of soft insects, such as the larvae of Calliphora. If the exocuticle is not pigmented, the epi cuticle alone reacts. This is true for the larvae of Calliphora and Ephestia, and for the intersegmental membranes of larvae of Tenebrio.
A more specific test for phenols is the " diazo reaction" described by Lison (1931) . This test suffers from the objection th at the dyes formed in a positive reaction are nearly always yellow or orange, so th at they are difficult to distinguish from the natural colour of the exocuticle. Lison gives various ways of overcoming this difficulty, but in these more elaborate procedures it is impossible to avoid the formation of coloured by-products, which act as dyes, and so obscure the results. By using the di-diazo of dianisidine sulphonic acid, and introducing a-naphthol into the molecule, I succeeded in obtaining a reddish purple coloration of the epicuticle of Calliphora larvae, which may be taken as to some extent confirming the results of the argentaffin test.
These reactions of the epicuticle indicate th a t although it does contain highly polymerized and insoluble lipids of the type of cuticulin, it also contains dihydroxyphenols. Since it is very probable th at in the early stages it also contains proteins, it seems reasonable to assume th a t it is composed mainly of sclerotin, and th at it is secondarily impregnated with lipids, which by a process of condensation and polymerization may become insoluble in fat solvents.
According to Wigglesworth (1933) , the epicuticle is secreted as a hydrophil membrane which is freely permeable to water, and stains strongly with basic dyes. This membrane in fact has all the properties of a simple protein. I have not tested newly secreted epicuticles from but the epicuticle of the elytron of a Tenebrio molitor pupa, taken from an individual which had not yet begun to darken, stained with iron haematoxylin and did not give a positive argentaffin test. Evidently the epicuticle is secreted as a simple protein, and is only later " tanned" and impregnated with lipids. The source of the lipids has not been determined, but they are probably derived from glands opening on to the surface of the body. The process of " tanning" will facilitate subsequent impregnation with lipids, since most of the strongly hydrated groups of the protein are involved in the reaction with the tanning agent.
Apart from this effect of suppressing hydrated groups, the addition of a large proportion of aromatic groups is calculated to make the material more lipopb.il (Mark 1938) . Gelatine which has been thoroughly tanned with benzoquinone can be impregnated with oils without being dried first, if superficial water is removed with filter paper and the material is dipped in paraffin or olive oil. Once oiled in this way, the gelatine remains strongly hydrofuge, and the oil cannot be removed by rinsing in water, whereas if dried gelatine which has not been previously tanned is soaked in paraffin, the oil can be removed by washing in a stream of water, so that the surface becomes hydrophil again. Blatta oothecae undergo a progressive change in the ease with which they can be impregnated with lipids as darkening proceeds. If a partially formed ootheca which is still white at one end, is dipped in paraffin, the oil spreads over the surface of all the brown part, but stops short at the boundary of the white part. Fairly fresh oothecae removed from the female's pouch are not necessarily hydrofuge, even when they are completely darkened, but the surface of old oothecae always is : it seems probable th a t an oily secretion from the cuticle of the mother spreads over the surface of the ootheca during the period in which it is carried in the ventral pouch. I have noticed th at when a female with a ripe ootheca is cleaning herself with her hind legs she usually includes the projecting part of the ootheca in her attentions.
The epicuticle of some insects remains hydrophil throughout life, and so cannot contain any considerable quantities of lipids. The epicuticle of Psilopa petrolei (Diptera, Ephydridae) described by Thorpe (1930) is an example of this type. The larvae live in pools of crude petroleum, and breathe through their posterior spiracles, which are supported at the surface by a ring of fringed valves which are not wetted by the oil. Through the kindness of Dr Thorpe I have been able to examine sections of the larvae, and I find th at the epicuticle is in most respects very like that of Calliphora larvae, and th a t there can be no doubt th at it is a true epi cuticle.
In Peripatopsis (Onychophora) both hydrophil and hydrofuge types of epicuticle occur in different parts of the body. The integument of Peri patopsis is thin and soft, and there is a well developed epicuticle, which stains with iron haematoxylin in the same way as the epicuticle of larvae of Calliphora. The general body surface is hydrofuge as in insects, but in the region of the mouth the epicuticle is hydrophil, and in life is kept moist by the saliva (personal communication by Dr Manton). In some paraffin sections of Peripatopsis capensis which Dr S. M. Manton kindly gave to me, I applied the argentaffin test, and found it positive, both over the general body surface, and in the region of the mouth. The epicuticle in these sections did not stain with black sudan B. In the mouth region the On the cuticle of insects 399 epicuticle is slightly thicker and less papillose than over the rest of the body, but there is no other dilference. A reduction in the extent to which the epicuticular proteins are " tanned " is probably one of the factors responsible for the hydrophil nature of these epicuticles. The epicuticle of Psilopa gives a positive argentaf but not so strongly as that of Calliphora larvae. The spines on the cuticle of Psilopa are remarkable in th at they stain all through with iron liaematoxylin: this is quite unlike the behaviour of similar spines in Calliphora larvae, which only stain at their bases, and at their tips are hard and yellow (figures 2, 3). This suggests th at the epicuticular proteins of Psilopa still retain a fairly high proportion of free reactive groups; a view which is supported by the observation of Thorpe that if the larvae are removed from the oil they soon dry up and die, presumably because their cuticle is excessively permeable to water.
H omology of the epicuticle with the cuticle of Crustacea
The hypothesis outlined above has the advantage of making possible some attem pt to homologize the epicuticle of insects with the cuticle of Crustacea. Wigglesworth (1933) , impressed by the difference between the method of formation of the crustacean cuticle as described by Yonge (1932) , and th at of the insect epicuticle, has emphasized the differences between the tw o; but a series of comparative tests shows th a t chemically at any rate, they have much in common. For these tests I have used sections of decalcified lobster integument and small pieces cut off the cuticular pads of the gastric mill. The cuticle resembles insect epicuticle in its resistance to the action of acids, and gives a strongly positive xantho proteic and Millon's reaction, showing th at it must contain aromatic groups. In sections the argentaffin test is positive, but much more feeble than in insect m aterial: the extent to which the cuticle reduces ammoniacal silver oxide varies from one part of the body to another. Like the insect epicuticle, the crustacean cuticle is isotropic. The great thickness of the cuticle in the Decapoda studied by Yonge is rather unusual; in other groups (e.g. the Peracarida), the cuticle is about the same thickness as the epicuticle of insects, and in sections stained with iron haematoxylin the similarity is very striking.
The most important difference between the insect epicuticle and the crustacean cuticle concerns the method of formation. According to Yonge, the crustacean cuticle is secreted by the epidermal glands after the se cretion of the chitinous layers has begun; whereas in insects the epicuticle is secreted by the cells of the hypodermis before they begin to secrete the chitin. Yonge's views have not been confirmed by Drach (1939) , who states th at in Maia squinado the cuticle is formed in the same way as the epicuticle of Rhodnius described by Wiggles worth (1933) . The other points of difference th at Wigglesworth emphasizes are that the cuticle of the Decapoda stains with basic dyes and fat stains, and that it imbibes water. The difference in the ease with which the lipids will take up fat stains is probably due to the fact th at the lipids of the crustacean cuticle are much less oxidized and polymerized than those of the insect epicuticle. The other points may all be explained as being due to the fact th a t the crustacean cuticle is much less thoroughly tanned than the insect epicuticle, and so has more active groups free to take up water and stains. 400 M. G. M. Pryor
The exocuticle
The evidence so far discussed strongly suggests th at the amber coloured material of the exocuticle is closely similar to the sclerotin of cockroach oothecae. To confirm this I have made a study of the actual process of hardening in various types, in order to investigate the precursors of the amber coloured substance.
The hardening of the pupa of E p h e s t ia
The first subject in which the hardening of the cuticle was studied was the typical amber coloured pupa of the moth Ephestia kuehniella. The process of pupation has been described by Kuhn and Piepho (1938) , and the following account is largely taken from their paper. Immediately after ecdysis the cuticle is thin and transparent, so th at the green blood of the pupa shows through (" green pupa stage" ). The exocuticle at this stage is strongly stained by iron haematoxylin. The hardening and darkening of the exocuticle begins soon after ecdysis, and is more or less contempor aneous with the secretion of the endocuticle. As the exocuticle darkens, it loses its staining properties, and gradually acquires its final clear yellow colour. The process of darkening is evidently accompanied by the secretion of a polyphenol into the new cuticle, since the exocuticle of the green pupa stage will not reduce ammoniacal silver oxide, although the amber coloured exocuticle does so strongly.
More information than can be obtained by studying the natural pro cesses can be had from a study of the abnormal process of " partial pupa tio n " described by Kuhn and Piepho (1938) . This is produced by ligating off the head of the larva at about the critical period, when the hormone that causes pupation is just being secreted into the blood. It occurs in several different forms, differing in the degree to which they resemble normal pupation. The least severe form is th at in which the hypodermis secretes a new pupal cuticle without the appearance of an exuvial space, so that the new cuticle sticks tightly to the old larval skin. In specimens showing a more intense form of partial pupation, the new cuticle begins to harden and darken, but since there is no exuvial space, some of the materials which are responsible for the darkening and hardening pass right through the new cuticle, and diffuse into the old larval cuticle, which takes on the appearance and consistency of a normal pupal cuticle. According to Kuhn and Piepho, the old larval cuticle first swells up and begins to stain very strongly with iron haematoxylin (which it does not normally do), and then begins to darken and harden like the cuticle of a normal pupa, and loses its staining properties in the same way. A slightly stronger develop ment of the partial pupation results in the appearance of a small exuvial space filled with fluid in the middle of the affected area. When an exuvial space is formed in this way, the hardening materials diffuse out of the new cuticle and become precipitated around the edges, so th at in sections they appear as small round concretions in the narrow crack separating the old and the new cuticle. These concretions can be found in all stages of hardening and darkening: some stain deeply with iron haematoxylin, while some are already yellow and transparent. I have repeated these experiments, and have obtained partially pupated larvae, which were fixed in aqueous Bouin, and sectioned in paraffin. The concretions in the exuvial space reduce ammoniacal silver oxide strongly (figure 1), and do not stain with black sudan B. They also give a positive result with Lison's dianisidine sulphonic acid di-diazo method (using a-naplithol), although this cannot be regarded as at all conclusive, since they would certainly stain with the various by-products which are produced.
These results indicate that, at the time of browning and hardening, substances are added to the chitinous cuticle in a fluid form, which later become hard and non-reactive, and th at among these substances are dihydroxy phenols.
F ormation of the piiparitjm in C a l l ip h o r a
The second subject in which I studied the process of darkening and hardening was the puparium of the blow-fly Calliphora In Calliphora, as in all the higher Diptera, the process of pupation does not involve the secretion of a completely new cuticle, but only the hardening of the cuticle of the last larval instar, which is impregnated with ambercoloured material, and becomes the puparium.
I fixed a series of puparia, at various stages of the process of darkening and hardening, in formol, and cut sections with a freezing microtome. Very little difference could be detected between the various stages by the use of Millon's reagent. This I took to be due to the loss of the phenolic component from the sections as they were floating in water after being cut, since it is very difficult to fix phenols unless they are combined with a protein (Lison 1936) . Using a similar series, unfixed, I tried the effects of ninhydrin (triketohydrindene hydrate), and found th at if the sections were transferred as quickly as possible from water to the slide after cutting, very good results were obtained. The stages in which browning was just about to begin gave a strongly positive result in the cuticle, showing the presence of amino acids (or conceivably of ammonium salts, see Shore and Lloyd 1938) . Larvae which had not begun to pupate only gave a very faint reaction.
Other material, fixed in Bouin and cut as paraffin sections, gave histo logical results very similar to those obtained by Kuhn and Piepho on Ephestia. The exocuticle of the larvae does not normally stain with iron haematoxylin, or give a positive argentaffin reaction, although the epicuticle does both. The mature brown puparium stains strongly with haematoxylin when fresh, but the older examples begin to lose their staining reactions in the outer layers. The brown parts of the puparium always give a strongly positive argentaffin reaction (figure 4). It is difficult to obtain satisfactory sections of the intermediate stages from normal larvae, and I therefore tried to induce some form of " partial pupation" in this material as well as in Ephestia.
The method used was to burn out Weissman's ring with a small electric cautery as described by B urtt (1938) . About 200 larvae, from a batch that was ready to pupate, were operated upon in this way. Most of them did not pupate at all, but among those th a t did there were several in which hardening and darkening of the cuticle did not take place evenly all over the body, and many in which hardening took place without any of the usual changes in shape. These latter animals preserved the conical shape of the larva, but became hard and brown, thus showing that the hardening does not depend on the change in the shape of the body. In those that did not pupate evenly all over, sections showed very well the sequence of changes th at take place in the cuticle preparatory to hardening. These are exactly as described in Ephestia; in the initial stages the cuticle stains very strongly with iron haematoxylin, and later becomes hard and yellow and loses its staining properties. The results of the tests with ninhydrin make it likely that the substance in the cuticle which is responsible for the staming with iron haematoxylin is a protein; and this is confirmed by the results of Evans (1932) , who found th at the amino acid nitrogen in the blood of Lucilia larvae fell steeply at the time of hardening of the cuticle, while the skeletal nitrogen (defined as the nitrogen remaining in the skeleton after hydrolysis with 1 % caustic potash for 4 hr.) rose. In two later papers Evans has published the results of similar analyses of Tenebrio molitor (1934) and Vespula germanica (1938) , in both of which he obta similar results.
General conclusions
The investigations of the hardening of the cuticle in Ephestia and Calliphora have shown th at there are present at the time of hardening and darkening of the cuticle a protein and a dihydroxyphenol. I t is well established th at the presence of oxygen is essential for normal hardening and darkening to take place; and the finished amber coloured substance in the exocuticle of hard insects has all the properties of the sclerotin of cockroach oothecae. From these data it seems justifiable to conclude th at the amber coloured substance in the exocuticle is a form of sclerotin. From the histological evidence it appears th at the protein and the phenol, which are both water soluble compounds, are secreted into the cuticle soon after ecdysis, probably by way of the pore canals, and th at they react in situ. Further evidence of the similarity of the amber coloured material of the exocuticle and the sclerotin of the oothecae of Blatta can be obtained from a comparison of their refractive indices, and of their nitrogen content. The refractive index of the ootheca was determined by immersing sections in fluids of different refractive index, and observing the movements of Becke's line on focussing up and down. The refractive index is almost exactly equal to th at of nitrobenzene (1-553), and is above th at of ethylene dibromide (1-539), but below th at of benzyl benzoate (1-570) (the fluids used were all B.D.H. " R .I." reagents). This figure is in fairly good agree ment with the value of 1-54 arrived at for the amber coloured substance from a consideration of the optical properties of the exocuticle.
The figures for the percentage nitrogen in the exocuticle were obtained from puparial exuviae of Calliphora erythrocephala. They were arrived at by taking the nitrogen content of the entire exuviae and then making a correction for the chitin present. The figure for the chitin nitrogen was determined from exuviae which had been heated at 120° C for 12 hr. in a concentrated solution of caustic potash to remove all the sclerotin: in order th at the figure so obtained shall apply to the original chitin, however, an allowance must be made for the de-acetylation of the chitin during the potash treatm ent, and this introduces a considerable error, so that the figures given are only approximate (table 1). 
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The nitrogen content of both the exocuticular sclerotin and th at of the ootheca is rather low for a protein, but it is such as might be expected after the addition of a high proportion of a non-nitrogenous phenol. The values shown in table 1 are not unlike those given by Aronssohn (1910) for the composition of an unknown substance from bee larvae. There is also some similarity with the " pupine" of Griffiths (1892), and with the " uranidins" of Krukenberg (1884) . The descriptions of these substances are not suffi ciently exact, however, for it to be worth while to compare them in detail.
If the hardening of the cuticle of insects is due to the formation of sclerotin, it is to be expected th a t the phenolic substance in the blood, w hich is responsible for the blackening of the blood after death or at the site of injuries, should be in some way concerned in the process. The oxidation products of the phenol in the blood will not react with proteins however. If the left colleterial gland from a female Blatta is placed in a solution of cockroach blood diluted with phosphate buffer at pH 8-0, no change occurs in the colour of the gland. Instead, there is a copious precipitate of melanin, which settles on the bottom of the dish. The same thing happens if, instead of diluted blood, a 0-1 % solution of dopa in buffer is used. Unlike the phenol secreted by the right colleterial gland of Blatta (see the first paper of this series), the phenol in the blood is not soluble in alcohol; if cockroach blood is mixed with an equal volume of alcohol it gives a precipitate, and the clear fluid remaining, if decanted off, does not give a positive reaction wdth ferric chloride. From this it appears that the phenol in the blood is not identical with the secretion of the right colle terial gland of Blatta\ it seems probable th at it really is dopa, as it has often been assumed to be in the past.
Since the phenol in the blood is not capable of reacting with protein in vitro, it does not seem likely th at it is directly concerned in the formation of sclerotin. The best theory to account for its presence in the blood seems to be that it is being transported from some organ in which it is synthe sized to the cells of the liypodermis. Such a theory agrees well with the observations of Millot and Jonnart (1926) on spiders. These authors found that in the blood of Araneus diadematus and of other spider cells containing granules of a dihydroxy phenol, which were numerous just before ecdysis, but disappeared altogether after ecdysis and the hardening of the new cuticle. Henke (1924) has recorded similar fluctuations in the chromogen content of the blood of the plant bug
The compound directly concerned in the formation of the sclerotin in the cuticle is probably dihydroxyphenyl-acetic acid, or some closely related compound. This substance has been isolated from the elytra of Tenebrio molitor by Schmalfuss, Heider and Winkelmann (1933) , and in the first paper of this series reasons were given for supposing th at this is the phenol concerned in the formation of sclerotin in the ootlieca of the cockroach. Such a compound should be soluble in alcohol: the only record of alcohol-soluble phenolic compounds from insects is th at of Villon (reported by Slater 1887) who isolated an alcohol-soluble " tan n in " from Calandra granaria. It appears, however, that alcohol-soluble dihydroxyphenols are widely distributed in insects, since in some preliminary tests I was able to demonstrate their presence in dried museum specimens of the following species (table 2) . Table 2 Geotrupes stercorarius (C oleoptera) Dicranura vinula (L ep Eristalis tenax (D ip tera) The method used was to grind the specimens finely with sand, and to extract the powder with hot alcohol. The alcohol was then filtered, evaporated to dryness on a water bath, and the residue taken up in dis tilled water and tested with ferric chloride and sodium carbonate.
If the polyphenol concerned in the formation of sclerotin is transported in the blood in the form of an amino acid, it must be deaminated in the hypodermal cells. The deamination of dopa in these cells would account for the presence there of concretions of uric acid, as observed by Wigglesworth (1933) in R h o d n i u s .The uric acid granules in Rhodnius are confined to the cells underlying the sclerotized placques at the bases of the bristles, and Wigglesworth explains their distribution as being due to the fact th at the parts of the hypodermis in which they occur are " sheltered from the blood" , so th at the elimination of waste products is difficult. However, if the deamination of an amino acid from the blood is an essential pre liminary to the formation of sclerotin, the accumulation of nitrogenous waste products in parts of the hypodermis where sclerotin formation is particularly active needs no further explanation.
I am indebted to numerous colleagues, particularly to Mr E. T. Burtt, Dr W. H. Thorpe and Mr D. A. Webb, for help and advice during these investigations.
M. G. M. Pryor
Summary
The hardening of the insect cuticle is due to the formation of a protein similar to th a t of the cockroach ootheca. A water-soluble protein and a dihydroxy phenol are secreted into the outer layers of the cuticle, and oxidation products of the phenol there react with the protein to form sclerotin. A similar reaction takes place in the epicuticle, which is secreted as a protein membrane and is subsequently " tan n ed " by the introduction of aromatic cross-linkages. After it has been converted to sclerotin in this way, the epicuticle is impregnated with lipids, which oxidize and poly merize until they become insoluble in fat solvents. The cuticle of the Crustacea is like the epicuticle of insects in chemical composition, but differs in th a t the lipids are less highly polymerized.
The phenol which takes part in the reaction to form sclerotin is probably dihydroxyphenyl-acetic acid, or some very similar compound: the phenol in the blood, which is responsible for melanosis after death or at the site of injuries, will not react with protein vitro, and so cannot be directly concerned in the formation of sclerotin. The blood phenol appears to be dihydroxyphenyl-alanine, which is transported in the blood from some organ where it is synthesized to the cells of the hypodermis, where it is deaminated, and converted to the phenolic component of sclerotin. 
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